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(54) COLOR-CLASSIFYING APPARATUS 

(57)Abstract: 

PURPOSE: To classify colors well even when a 
spectrum is changed, with a simple constitution of an 
apparatus at a low cost while enduring mechanical 
vibrations or the like without limiting a light source. 
CONSTITUTION: A rotary color filter 1 2 is prepared, 
which has a plurality of band-pass filters 12A-12E of 
different band regions. A control part 26 suitably inserts 
each of the band-pass filters 12A-12E between an 
object O and CCD 14 by means of a driving motor 24. A 
classifying/operating circuit 28 calculates a 
classification spectrum based on a statistic technique 
from a reflectance spectrum of the object O 
photographed by the CCD 14, and classifies the object O 
using the classification spectrum. 
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mum i ©w#^gKj;^-c®tRff5«:iBg3n/cStrie^ 
wiB*f^ i«^#e<b ©raccafi#Asa^-r 2 © 
10 i (ciBtgofe^a^g. 

x-<i> YfvtmivxMwtx^? \-)\st<D?imm*mn 
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fii^ffl^-cttfiastm^jro^ffl^f^c^^^-^^^y b 

[»JJ8B 1 0 ] «WB»««ffi#«t*» mffBJi^^lSJc 
8ii T £f*#3? 9 cciat£©fe^ffl^g. 

1 1 ] fjiatts©^-> ^ )i*-cmmz 

< wB^rnffliEiBiss?: 3 6 Kmiiir set ^m<t * 
^mm i tcia«s©fe^i^g. 
30 [swas i 2 ] mjia^«#K«, ©^fflfcjrS- 
c^t, fitrie^i , ^x©F«9©ffis©2 1> <7 ^zm^tcfo 

ley Sammon^^ L < tlHotellinq trace criterion ?r 
i-rSlf^a 1 (CfBt8©fe^ffl^g 0 
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^■■r*a»«aai{ciB-rs. 
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"image classification by Foley-Sammon transfor 
m" , Optical Engineering, Vol.25,No7, 1986#M> . 
[0004] CC-C. FStRitt. 2-3©?7X(C»* 

R (di ) = (di ' Si di ) / (di 



6>*l/c±#©Sl , S2 3&>£>Fisher ratio 



S2 di ) 



(1) 



di : r-H/ 

di 1 : nm^f (mm) 

51 : *?XW&ftffim 

52 : 1> 5 Xft&ftffim 
©R (di ) ZmXlC-TZtSOZ-^f r n>di 

C©^©/^©*^ hJUdi 
^ffl^^i- KJUiPfA. CC^S*^ rA^di fi. 

«di (a) i^ief-Ht-c*^^. *ujjfe#-ctt, fs« 

dl = al S2 "'A 
d2 =«2 S2 - [I" (A* 



&#<Z>ft£>CCd1 iS-r4>©i-rS„ *L"C. Fisher rat 
io£**<^S#®*^ rA-£2«®*«>£. Fisher 
ratioZ&jZlC-rZ-ftm?.^? rJUdi ?:dl . C©d 
1 ifi^-r**-'^ hJKOtft? Fisher ratio£ft;A;k:T 
Zftm^? r^di £d2 CO»ffi^'<i' 1 

io judi. d2 T-^fiXsns^ra^cs^-^^ts^-r-sc 

dl , d2 iZ'Xj£.fr*>#tt>6o 
[0 00 5] 
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CC-C, al, a2 {JJEMlb^. A«Xl -X2 

[0 00 6] CWJ^CtLTff/c^ffl*'^ h;Pdl . 

ti = f ( A) • dl 
t2 = f ( A ) • d 2 

ccx\ r • j wrtwaifit^a-r. 

[0 00 8] ilfi^fgiC^CDgircii. c ©|*9« 1 1 

, t2 omftt>m7<D£>!>izftmmftz®:it>. c©# 

[0 009] 

[^W*i«?^L<fc^i-r-5SB3 iCW ^Ittx-^^ 30 
h )V d 1 , d 2 ti— 8tc. 13 2 4 iCnk-T <k 5 icBV&m 
m-CbK), *fc. IE:&©fiI£<!:£/ctf>. IKfftTl. f£ 
a * * 2 & Ecrm. K) ttWfifK fcJiK U < gsRS 4a5„ 

©1R «5 ft WfiiW n £ £ . L < <STb"C 

4>*s 0 *<Dtcib. mmmmmm-c. i^^, m 
[0010] ±ie^$R©8g-c«> £ce««&ii 40 
«^{cbh» tt»«4ff a 5ci«u>. art? 

[001 1 ] ±E©i*[K:«*ras*ifcfe© 



S2 "'A) / (A* S2 " 3 A) s 2 ~ l ] A 

- (2) 

»ft«OS«^*^^f hJl/*f (A) ((HO. 

A=«fi) i-j-titf. rt«ti. t2 tWGafea*6*» 

■5.. 

[0007] 
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[0012] 

fete. 3jsi6w«:j:se^sii^a». M%m<DmMmx 

[0013] 

cms] bp%. #3M8©e«*isi«cj:fttt\ -eti-eti 

*j^r, c*ie>a»©^'> ^ $?©-?■ n-eti*± 
iB*f^ija»#Si©witcffis-r^. -euT. 

(Dftmx^z bn>*muL. ccDftmx-^f Y)\>*m^ 

[0014] 

2© (A) (CCT?.£5&4^<Difc^&&aia3-&SJ: 
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(B) ^ (C) (GW«J:«7^W^5ct«:J: 

co o i si s/c. mt£*>%M<Di>tTi>&ftm&m 

gi* (A) = gi (A) /gs (A 

[0016] CUT. JHgWI&DKftWHfc*^* WUL 
(A) (Dmw*mt;-eZ, er (A) 5ffli>nif, lift 
&^©&£r-fc#Sr-i*6t ticfts,, ?6tc 

[ooi7] «r. mmz^mux. *&w<Dnmwz 

i mnw] tr. xmwom i i^di lt . 2 * 
7*©*ta^©#»**Tft *>^mmsic^xmm-r 20 

So 

[ 0 0 1 8 ] ■ 1 ». -?-<DttJJj££mTri!-e. 
fefr^g^tt. SgO^ b>X£^tf*^l 0. 02© 

(A) 5C^?nSJ: i 5^1S^©^*>F^'X^^Jl'^ 1 
2 A. 12B, -, 1 2ETlft)S3nSllKfe7 -f-M/* 
12, »JR«OS0t#«8(RR©iB**W0iitffcaE>©C 
CD 1 4, A/D^ftgl 6. 7U-A^'J 18. 1 

fBori>5SP»*^-rs*-^2 o. ccdsiip? 

•f^22. Htsfe^ -f Jl>* 1 2©iEStHe-£24. CC 
DJ^S&K 7-^*2 2RC>*0$Kfe^ -< ;U^|gStl ; e-^2 4 30 
«Ss*IWW-J- S i*{C^ffliSI©|5I8§2 8 (C^^ISa > 
h a -;Ug|S2 6 , »«*ff ft 5 fcto©^SiH»|5I3S2 8 

[0019] ±i2@ffcfe-7 -f 1 2,i, 02© (B) 
tc^-T J: 5 ic. {aimM&<DJ*> ^ l 2 A~ 

i 2 E^6«^3nr*jo. §7 -/;i/£«i5iig© (a) 

-.m. *i&ifi^)-c«. iaHs^w©®wb©/c& 

Ltl,^. ft*>\ #3^1 0<t[UKfe-7^^3?l 2©|S 40 
gtt. 1 0©grKiagfe^ -< >l>2 1 2 ?riEgf -5 

J:5fti£©IBg-C4>m>. 

[0 02 0 ] ±.tttmm\ai9& 2 8 S3 fc^f J: *> 

tc, *ta«5o©fflg[fiS^*tttH-rs/caf)©»aEK5Wftai 

SP3 0, #«©fci?>©ifig (FS» *tf35c^« 

ami. 3 2 . Rvtftmv\m<Dtcib<D¥WRVftmvmz 

ff ft ^^S«SSB3 4 

[002 1 ] CCT. ±gffi$g>£#}fllil§&3 0B. 04 
{cSrTJr^c. fg^b/cB^M^OS^P.SR© 
?ffJ««Ji«:«ltii-rS3fl©I'J^JD(}taaJ3 6A. 3 6 50 
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HI/* f ( A ) . #M«©Slf^^'<5' h ;U* s 
(A) . RS^©SW^^^f h;l>*L (A) . mm 
&<DB&*'<* <JgfgU>X©j§ii;*'^ » 
«tSH^©.@K*^* Hl^) *M (A) ttn». 
*3j©»U*-<* h^gi (A) , S^iitOiiX^ 

* Hugs (A) ti-e-ti-eti. 

gi (A ) = f (A ) XL <A ) XM (A) 
gs (A) =s (A) XL (A) XM (A) 
X-mUhtl. MMlMKDX^i' b>lgi- (A) «. 
= f ( A) /s (A) - (4) 
B, 3 6W. m&LtcB&mft<D¥-1S)Z#l£>Z>3®<Dm 
S^S^¥^t3P3 8 A, 3 8B, 3 8W. mmvtc? 5 

"A" 4 OA. Wi&Ltc?7X2<D7--it 
©»t£jfc#*SSi£tf»&0t$M*i; "B" 4 0B. m 
& L tc^mm R © 2 ©U?«fiK#*#$ & t?iSf«fi$# 
>*l> "W 4 0W. 5l£iS©i5»B?:ffiiE-rSfc*©ffliE 
H8S4 2. ffliEL/eif 5* 1 Xtt*^***!]©^- £* 
S^iAtyiSIS^-^^ h^y*>; "dta" 4 4 A. SC^tfi 
IEL/c^X 2 ©f*- £*#£&£?»£* ^ h)l>**: 

'J "dtb" 4 4B*Wb-Ct>S. 

[0 02 2 ] ±ia»a^^*U40 A, 4 0B. 4 0 

#©&& (#H*S#!-r-«. 5tj() ^/dW©iSigRS^>&« 

[0 02 3 ] ±ia«iE(BlS§4 2«, 0 5© (A) iCTjrf 
cfc^CC^§LS4 2, . S/cii|5l0© (B) K^ti^iC 
i*g4 2, i^--7-iEa^[ilSS4 2 2 CcJ:0«)S5n 

s. y.To>*mt&M<Dmwr-a> mm<D (b> jc^l/c 

[0 0 2 4 ] -tfa&JKX^ * h Jt-^^Er U 4 4 A. 44 B 

». ftsj-rsf r -^©f->^u^N/cw©i»faft2^ (s 
iwa^w^^^^fe^fflo^-^^efts) 
tsc i^-f^s^^tcftort^So 

[0 02 5 ] — ^. ±ia^MH#gP3 2 05 © 
(C) tC^-TJ:Mc, » ^ "A" 4 6. ^ 

0. ^MX^i' h;Ud2 *#^jAt?^ffl^^^ WUd2 
y*'J5 2. flmSA^-f?? "B" 54. «#S5 
6. /J0gtS5 8Ai7^^5 8B-Ct»gt$tl^fflttl»^ 

tfft^^Sjggtgps 8 itciortiRgsnrc^. 

[0 0 2 6 ] ±ie^ffl««S153 4«. KStCmT 

i^fC ^l3#^.X^ y ^ "C" 6 0. ^ffl^W*^ 

-rzftmmft&m&G 2. j^L/c^^w^^jAt? 

^ffl^W>^e'J "ci" 6 4. ^SW^ifft^S^ 

SP6 6*>6«te83tl-COS. 

[ 0 0 2 7 ] AlC, «±© J: 5 ftfltfiK©fe#ffl$Sg££ 

t>. 2f^^©*f^*^-rs^a(coi»r^-r 

•5. COJilta, S-r^«^l??r5}?5!)-5fci*©^g* 



[0 028] ST. *H*- Ftcoi»r«WS-«. Ctl 
(X. @6*c^TJ:5&2:?5X©#^0*$}-S-r£/c 
»©#$*^:? Hl^^fe-Sk©^*,, ^{C. 3> 
ha-jUg&2 6IX. mi 0 4>£fflRCfttb£Ett«. 
2 * 7*©tt«l^£|3]S5fK:»{£-cS£ J: b KiSgBTS. 

H*Lftclf»aB*SCc«fc»)««U*SS3Rl 0©i& 
ORO'CC D 1 4©WBSnn ) S:gB£T*. 10 
[0 029 ] CCT. 4 1 2©gU ©'•<> 

FA*?*** («*«. 1 2 A) -caH&PfT&fctlft 

-C, CCDlBttF?'f^2 2fC«i?3V> F*j»SCi 
CCj:^T^©]lWR*»HI5Ta. CCD 1 4THX*)iA 

[0030] ^mmtBR2 8 (c^^ti*. mmr-z 20 

»S*H*W»3 0K:JK»rtt. #B«fe-x»r. j»3e«c« 
fflWeP3 6A, 3 6BiCT. m.K>&A,?)*&mtitf'--9<D 

-&L-C. MBK!&¥*WH|S3 8A. 3 8BKT, &iSfi£ 
T©ffK©¥*9il*fctHU SS^^'MOA, 4* 
da' i'=da" i/dwi 
db" i'= d b" i /dwi 
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*0BfC«£jMf. C*l£. f-fdal, dbltt 

[003 1 ] 3tfc. IHISfe? •< Jl>£ 1 2*@«U H2 
©■7-fiUt? (MiLtf. 12B) rm2©iS»*»Sl/. 
RfiKcLr^tf«fVflUS^%';4 0A. 4 0BKS 
Siitf. Cti4, f-^da2 , db2 
[0 03 2] C©J: , )4aiM, 5*5©:?./** <«*. 
«. 12E) *-Cffttl>. «9ME*M*y "A" 40A 
(Cf-$da3, da4, d a 5 £. £/ci®fifi£$M* 

" B" 4 0 BtC-^-^d b3 , d b4 . d b 5 
iMf. BP*3. C©— Jt©»flrc. *MME»j»*"J "A" 
40AKBf-^dai <{IO. i = l~5>£. Sfffi 
SS^t'J "B" 4 0 BGCli-r— £ d b i (i=l~ 
5) 

[ 0 0 3 3 ] #*«f®j&tttc#JStim«l»U 
PI«iC5gffl©7 ^;l/$-C^b. ®S^^>*'J 
"W" 4 0 WCCf"-* d wi (i = l~5)£S#iA 
tf. *©«. ffliElHl|{a4 2-C» > 1 (COOT IX* 

aoa^-ty "a" 4 o Aiasjg^^y*'j -w 40 

W#>6, S/t^^X2{CO( r »-CiJ«g^^*'; "B" 
4 0B£»B3S»yt'J "W" 4 0W«, t*-££8e 
*Wl,TliiE*fT&5. C©ffiiIE«. 
»CTi{C»SRR^y*'; "A" 4 0 A©;r-££SWgi& 

»y*y "W 4 0W©7 =: -^r'^i§4 2 1 icx&A 

[0034] 



[0 035 ] ?6iC. '<7-XaMt£|R4 2 » {CT > -t* 
d a" i"= d a - i'/Ca" 
d b" i" = d b* i'/Cb" 



({&L-. i = 1 -5, m= 1 ~-N) 
(fflU i = 1 ~5. m= 1 ~N) 

- (5) a 

^-ICa" MCb" fCct«3^©vg^t^tf^fen 



(fib. 



i = 1-5, 
i = 1 ~5. 



m = 1-N) 
m= 1 ~N) 
• (5) 



CCT, ^7-iCa' 
[0 036 ] 



&tfC b" IX, 



★ [»1] 



C a" = 



d a 



£fc(X, 

[0 037] 



C b" = 



i = 1 



d b V 



(5)c 



H*2] 
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a = 2- (da i ) 
i = 1 

cb m = :L (d bV) 2 

i = 1 

[0 0 38] CCDJ^KLTJfci&^tifcd a" i"Md 
b° i"*. MS.^i> h^tLXH^.^i' hAjt*V 
"dta" 4 4 AM "dtb" 4 4 Btt*&jM?„ fcLh© 

bfrjt*:') "dta" 4 4AM "dtb" 4 4 BtC«SX 

hJU*##jAt?,, cops. *tmw<Dy->?'Mz. M 

)\>ji-*:'J "dta" 4 4 A. "dtb" 4 4BCUI. *fS^ 
CD-9->^tiN/cW<DiS?e[X^^ Ml/ 7 1 - 

[0039]Sfc, l^ic, 2ocD^X<D*f£#j£Jf 

X^^h^l/^^ey "dta" 4 4AM "dtb" 4 4B(C 

[0 04 0] ^{C, #SR£J?SP3 2T«. t09f^^* 

5 

t a 0 l = S (d a"i M X dli) - (6) 

i = 1 

tfrfcir*. ts**^H«£* 3 4 coftmmnfr'&^G 2 30* ut, mm^mmn 
^Iw^-rSo .$5^-c, Jfs^-^i' hJb^-t "dtb" 4 [0043] 

4B^6iSS^^i' bJ^T-Hd b" V*. S/c^fflX [&4] 
^#h;Udl^*y5 Ofre^SX-^ Ml/^-^dli* 

5 

tb'l = 21 (d bV x d li) —(7) 
i = 1 

tfTttl*. if£m£#^§?&^6 2^$Kj2t-r&. ★^d 2 U 5 2 bA,?~ f d 2i£stfc 

[0044]^{C. m<QWZ.X-< yf- "B" 54&b[ffl HJOTC. rtflffift* 

tC^Jf)#^.r. ttftX't? h 1/ "dta" 44A*> [0 04 5 ] 

5 

t a m 2 = S (d a m i" x d2i) —(8) 
i = 1 

TT. hJWt'j "dtb" 4 4B*^«RX [0 04 6 ] 

h;Ux-i?d b* Sfc^ffix^ f-;l>d2 [&6] 

*r'J 5 Zftbftmz^? h-»Uf : -^d2i*^Wbr. 

5 

t b m 2 = (db m i"X d2i) -(9) 

i = 1 



•<5)d 



% "A" 4 B*bM«:«J0#^So fl/t, «?a^^ 
"dta" 4 4A&CF "dtb" 4 4 8*^ 

io fzm&mv. fm^z i-^#ffi§P4 stcr. gr&i, 

fcF S^&£fflt>T#g:*^d> f-JUdli (fflL. i = 1 
~5 ) . &t>'C;hK:S.3£-f £d2i < i = 1 - 5) 
«b. fn-ftl^^f h^dl ^t'J5 0Md2 j( 
5 2K-?-n-? : n^*X^i/ f-;bdiiMd2i£#£ 
iitr. 

[0 04 1 ] #«C. $J<3#*;*-< "A" 4 6£affiiJ 
(C. gfc#S¥te81S3 4CD^J0#A^-Y »f "C" 6 0 
*bflM(cW *cr. &JQttX.X<f 9? "B" 

5 4*aflBK:tt»)8;tT. "dt 
20 a" 4 4 Aa^afK*^^ hJl/^-^d a" $/c 

* d li£R#(U b r . 5 6 RVmmm&3l 5 8K 

[0 04 2 ] 
[1*3] 



(7) 
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[004 7 J c©J:^«c. s^7^(c-oi>-cif>7"jHg 

"cl" 6 4tC#£jAtf„ 
[0048] W±, CC^t*!, ^S*- K-C*-5» 0 -X 

dxi'=dxi /dwi (fib. 
S(c^ -, 7-iEtt{klHlS84 2, {CT±I2^S 10* 

dxi" = dxi' /C x 



- 1 2 0 3 2 4 

12 

-rf^fc 'J "A" 4 0 AKSIS^^^ h;l/d xi ({10. i 
= 1~5) £*ti£tf 0 «IUT, CtliRCi^M 
T?. #BgffiR*lHl«tc}aUb. iSSfi£^*>; "W" 4 
OWfC^*-^* KJl/dwi ({ML. i=l~5)£* 
*jiif„ ^l/t, cn^SfiE^->*'J "A" 4 OAR 
U "W" 4 0W*»&^-**B*&A,-C. JffiIEIB|Sg4 2 
THiE 

i = 1 -5 ) -(10) 

[0 04 9] 

[*7] 

(fflU i = 1 -5) 



C x = S d x i' 



£tfC>. i^K*^* "dta" 4 4A{Ct«S^ ★a" 4 4 AA^HS^^i? h;Ud xi"?:, 



[0 05 0] CCt?, #3SStS?8li3 2"C». WOgA^ 

•f^ "A" 4 6*aWJ{CftJf3#^. t ^»«^g|J3 4-C 20 

». W »)»*.*-{ sr* "C" 6 O^affliJtC^fJ^^S, 

-€-LT. #SGfg*9S3 2©W9#A;W "B" 5 4 

**-TaffllKc^)OS^r. ««^^^h^>*>J "dt ★ 

5 

txl = S (dxi" X dli) 
i = 1 



? h;Udl ^*'J5 0*>6^>fflX^i7 h;l/-r-5?dli?: 
ftWBUt. St»S5 6SO^«?S@g|55 8 CC«fc 

[0 05 1 ] 
[»8] 

-(H) 



*ffftt», txl^^J^gB3 4©^^Si56 6- tfr 

[0 05 2 ] &iC. flJ?>e*.;W»* "B" 5 4£bfflJ 
lctyt)WZ.X. iSg^-^i' "dta'* 44A*> 30 

5 

t x2 = 2Z (dxi" X d 2i) 
i = 1 

*fr&^ t x2 «#SG&£aB6 6^iftej||-f 
[ 0 0 5 4 ] #Sifc£S|S6 6 t-i. #S?iifM* 

U "cl" 6 4^6^ffl^?:^aiLr. C©^-*^ 

0. ±ie«siH3n-c#fcrtSfiit xi, t x2 w^rnm 

J?©£'^6fflHc&£3&>£«£U ^!W*g*?:tB^-rS„ 
[0 05 5] CC$TO»/ii, F-C&S. J« 40 

±©j:^cc, ^mmm-cit. ytmo^z f-JM$t*©ti 

0JS4 2, tcr !iiErS/i:*(C. fifcSftiKUtou-Cfc 
A«7«^R«ff 5c£#-Ct-5. C©KHC ?e>tcia5 
©(B) (■CTrrrJ^JC. ^••7-iE«{t(iIK4 2, 

•cc^fcfetc, #s©i!$s#^{t-ts»g&{cf?H>-c&& 

884 2, it^mx\ ^•■7-iE«{tllSS4 2 1 AiWCft 

t*. 50 



* >J 5 2 #> e>#S* ^ ^ h JUx- * d 2i?:^*a LT. 
[0 05 3 ] 

ma: 



•-(12) 

[0 05 6 ] £/c. IHefe^ ^;^12 *ffll»fclBWi& 
[0 05 7] 3 JE>(C. 09© (A) ^-r^stc &m 

mws&3 2 roc^^^©^ax-<5' h ;ud ii. d 

2i?iatf.-r-5>^!S^^^ hJUdl . d2^*'J50. 5 
2©#£^n6£®tRT5;fc«>©$) t 3^l* ? 9- 

"B" 5 4 ^©ffl^ig^w. -s-n-en©ffl©#Si*-< 

S'hrt'dl, d2^* l J50, 5 2CCg&-5^S$F<&© 

to "c* " 6 s^fijffl^s^fc^tc-rti 

£tc mk7 M\s* 1 2*3c^-r€.J:^{curfcJ:c^© 
[0058] frfc, *l"£te^I-C«|51l£fe7 ^ )\>5> 1 2 <b 




13 

L-r« i2© (B) K^Jr^JC. RJ&©7 4fr* 1 2 
A~ 1 2 Ei^-RiKKIL-fcMCfeC^ffllv S 

ai-rs«j:^tcL-ci>S3&j. 02© (o {c^-r^^tc. 

7 ^ JU* 1 2 A-l 2 E£PMi#fc:8l/£U ^n^^R 

®£?t&*5. fc/cl, i!S#$©C<tfr#6. £©*§£• 

CCD 1 4r©S7t<Df -T 5>^tHI^fe-7 
1 2<D0g<DXf - Y t<DW\M*tZ><jm* i &Z>. 
[0059]?fc. #HJfi0Q-Ctt}g&5^<!: OTCC D 
14*1 -otcwm^tcifi. m 1 O CcinTJ: 5 fc. }ggfcfl 

[0 06 0] sfc. ftmutc&mt. ^asn/ci'^^ 

7^ (n^^^) ©&©©#»£*?& ^s^s^gico 
o-ci&gu-rs. #iHjfeed©fe#S£ig«. tiri6Lfc^i 

[0 06 1 ] BP*i, «fl[^^MfimgP3 0«. 0 1 1 fC^ 

m&o-tcmm<D*t0.Mo<DWfe®.t&zttitii-? 
i>Mm ! m(Dm^mmmm^3 6 1 ~3 6„ , 3 6Wi. 

9B£ l> tcM1SMft<D¥-iS)Z £ HraUK#¥*jf fc» 3 8 
x -38 n , 38Wt, m&bfc? 1 $fctt#5* 

" 40, , fSKUfc^^^2<D-r t -^0«i^S^*« 
^i&trlvaj^y^'J "2 " 4 0, , -. 

"4 0. , mm ofc#M« r © t*- * <m&j&ft*m 

STMsMBU&ftJfJ "W 4 owi^Wuros. c 
*l6©»gJjfc5M*y "1 " 40, ~ "n " 4 0„ R£>' 
IW»iS»j<*y "W" 4 0Wti. O^Z 1 2* 

«WET*7 -/^f ©*W» (5fe) $W£W©*a»8#*» 

[0 06 2 ] C©«@^S^fl6mg|53 Ot^ 36 

(C. ^jJS©|^5:ffliETS/c*©liiE@K4 2i > ffliE 
L/c^* lO^-^SrS^jitfilsa*-^ HJl*y*y 

"dtl" 4 4, , ffliELfc^^X2©7 r -^*«#jAt? 
iSa*^ Y^^^'J "dt2 " 44, , -. iilEOfc* 
^xnOf'-^^S^jAtf^Sx^^ "dt 
n" 4 4. <b*WL-t(,>6„ Ctl6©J|gX^i' 
*U "dtl " 4 4, ~ "dtn " 44, ti-eft-etl. WlB 

[0 06 3] t ©<fc -5 fr$lj£©fe#S£g-m. buj£© 




(8) #13^7- 1 20 324 

14 

is i hjsct t wm. . $ -r^sm^*^* tc&<D^m 

*-K£S?tfU >X«:^5^**n©r-f ©fe^a*?f 

[0 06 4] £lt\ ^g^r- KtCOt>r^-rS. 
^X©*f^^?©rt©ff.#,© 2 £ 7 *©*f^CCO(,vr. 

•**rl> "dtl" 4 4, . "dt2 " 4 4, ICM&^^ZY 

juda- i-. db- i"*»§&tf„ -eur. ±iesn^ 

10 (fflU i = 1 ~5) . d2i ( i = 1 ~5) M 
5© (C) <O^M^^-f h^dl , d2y*';50. 5 
2(E«*&&. fftOT. m*)0)n -2 ?^X©*tftf25K: 
oi>Tfc. ±te^lHi6^<!:|g)«ltC«^. filiEU «S 
h;uy*'J "dts " 44. tciSax^i' h;Ud s 
■ 1" (®U s = 3~n. i = 1~5) 4»taitr„ C 

-C©*J-^©J{Cot,ir. SiS®^^^ h)l<jt*:>) "dts" 
44, «cStC*nfc«S^^i' h-»Ud s" 

20 -i^hjwdii, d2i*ffl^r. frmtftnz-misbz. &m 
t^w^^-sfc^K. ±mm i HiSCTiinii©^^* l 

r. S^^^©*tm^©i^a^^^ h^d s" i"Koii 
-Cftm*^? hJl/dlii©F*9fflffltsl (flt-^ s = l~ 
n) SO*d2i<t©rt»filts2 (s = l~n) *3j<&. ^5- 

a*iw^g|56 2^ts„ ^-L-r, c©i^3n/c 

rtS<B*^S^W^S3P6 2-C0 9© (B) tc^TJ:^ 
CC^S^W^SL. ^S^W^^eU "cT 6 4(Cf# 
iitf. 

[0 06 5 ] «±C C ST'*i. Fr-*-5„ ^ 

30 cc Km*- Yicmrmwrz. bp%. H?M©mm 

S^^^ h;W-t'J "dtl" 4 4, {ci^a^-^^ h;Ud 

ftmmn%n3 2s^«*ijsgB3 4r-^s«^=&tf^ 

[0 06 6 ] CC*T©MfP?r. Y ft Z>. MX 

ftHim^. ^2H^WcjE^ur«. ^ 

i>-7X©d3©ffig©2 ^^^©^-iSr^^F S^icr 
40 Y ^ICLtcibK ? ; ?Z.±X<Dffi 

[0 06 7 ] M4fil^f ^^{CSPgWKtT* 

->T *>St,»o mtf. 1 0 i'7^©^S*lT^: i 51«-^CC 
«. $"T5 ?5XfO©2 f^XiCftttZftmx^-? Y 
MC£K) ftm*'i=itei*\ -5-©^S3tl/cte#iClDl;-C 3 

iCCi»3. 3 6lC^ffla«:r6]±3ti-SC<b*5T'^S 0 
50 [0 06 8 ] [^311*6^1] *«. *^©*3H)tePi| 



(9) 



7-120324 



15 



16 



[0 06 9] fP^S. COftmmn&3 2». 012{C^ 
Tt^CC. WOf^^-f "D" 7 2i. ^S^ffl^ 

J = t r (S2 - 1 Si ) 
«SU t r (X) tt. tf?"JXCOhu-x (*f£iJ&fr<D 10* 
10) ) 

[0 0 7 1 ] CCDAK. ifc©<£0COjci6iE>ft£ < , CC 
T?. dim* iSSCD^XCDmfflg©? 1 -* ("** r 
JU) . di * i ggCD^^^O-sp^-^ (^ r 

I *#{fctf?l Wi £ i #@©^X©-r-*-C 
®f$,2ft2,?mim (Wi = (dii-di_ di2-di * 
S2 V = V r. V f V = I 

v« S2 v = r 

ccx, 

(Wt 1 Wt ) E = E A 
C©Mi2&CWt t£*6»W4i 

(Wt Wt" ) Wt E = (Wt E) A 
Ctlt±sZ ( 1 4) SC«rtb^bTV = Wt E. r - A'X ★ [007 3 ] 
K. S2 fcefeftT-S. ★ 



* tf^s«T5ij>* 'J 7 6 i. z<D%mm*m*x#mg. 

[007 0 ] *^3HJg^l-Cffll>-5^S^ (H 

TO &C-?t>'CittHJi-r£. HTC (Hotellinq trace cr 
iterion ) tt. 5*© 4>©£#8t-r 

wen*. ttmt<o%.mmtx^? v^^mmAx^. 
ft&ftmmtu-c. htc 

- (13) 

-dim-do > . wt -mux 3 ti&gt& 

'iWi (Wt - ( dl - d d2 -d - dn - 

d_) ) . e& (wt ' wt ) (Dmm^f YMm. a* 

(Wt ' Wt ) ©BWffitfR U£S2 £6fe<tT£ff 
81. V*S2 OI^? rJl/ff?! T*S2 CDB^filtf 

[0072] $t. *x(DmmmT%m*m< . or*, s 2 
=wt wt « -e*5o 

- (14) 

- (15) 

- (16) 
-(17) 



U* S2 U = I 



U = Wt EA" 



[HJ*8«C. Si ici^xb 



*fC. D 



cnra. 



U' Si U = D 
(^ l U l ) Si 



30 



iJr A [0074] 



-V= I 



Z = (V U 

S2 ClGSftSft*. 

(IT * l ) S2 



A = V l LP = ¥* A-'E 1 Wt 

&z?x<omnm<»f3.mft?ti*'<>? kmc (2 6)sr 

[007 6] JKic, $I3^iPI©eM8g4i-5fc 
[0 07 7] ST. FtC-OL.TUiWr-S. BP 

*>. ^^^^©^m^^ltr^cDmi^Miisiiiitcii 



•(18) 

• (19) 

• (20) 

• (2 1 ) 

• (22) 

C^U) =© - (2 3) 

• (24) 

♦ [007 5 ] 

I V = V y= I - (25) 

• (2 6) 

gX-^ hJVd s" i" ({IU s = 
5) CCt, s«^7 

[0 07 8 ] ^(C. #!gMl£g03 2 ©SJ 9 

"D" 7 2 *b<9Jtc^j»i#^-c. Sfg*-^ Mt<.y*<; 

"dts " 4 4, frbW&X'*? h^d s" i"£§S#i^ 
T'^^f ?>J#HiSil7 4 X±M£XWiW LtcH T C£ffll>T 
50 XtJtfT$iJ£*ti>. ^^f?iJ^*'J 7 6(C#^jXt? 0 CCD 



) X 

♦ 

(UMO = V 



"dts ' 
1 ~-n, 



44, 

i = 1 - 



17 



[0 079] *IC. W0SAX^ 9 f "D" 7 2£a(?J 
K. S/dflOg^-X-f "C" 6 OSrbffltflCtfJtlgx. 
r> jgg*-^* i-;uy*'j "dts " 4 4, 



CIO) W7- 1 20324 

18 

[0 08 0] 

mi o] 



C 1 1 



m 



t 2 



m 



t 3 



m 



t4 



m 



L5 m ] 



= A 



dm. n 
S 1 



(27) 



10 



C(DJS^«5^7t;©iSt?&0 , C©5 'iKjtQy^r — % 
[0 08 1 ] 
[&1 1 ] 

tl ra . t2 m . t3 n \ t4 ra . t6 m 
##«©*: S0©i¥fiM<!: UT^K^W^gU6 2 MSiS 
3*lS= fcfc. C©(27) 5£«:fiH>T{*. T«<&g* 
^-S^^SgP6 2-C. B9© (B) fCijrf<fc5 
«C^MB«W*«SEb. *WSttMM*y "cl" B4Kft 
iitf. 

[0 08 2] «±C C 3*11*- -X 



[ t I 



m 



t 2 



m 



t 3 



m 



t 4 



m 



hJl/^^r'J "dtl " 4 4, iCfflg.^? h->Udxi£ 

rSSSi53 2©ia>P#A*-"f "D" 7 2*a|iC. * 
fc#»««»3 4<DiSJi)«it;*-f "C" 6 0£affilJ 
tc^OSit, «S^^^h;U^*'J "dtl" 44, *> 

* D 7 6 *> ^gEJ&ff^JA «tt&tfj L . ^g|5 7 8 TiWK 
^•^d7 h;l/dxi" (CXtfeffS'JAiffl-W. (fit) 

[0083] 
[ttl 2] 

d* >t 
X 1 



5 m ] T = A 



(28) 



[0 084] 
Ml 3] 

tl m . t2 m , t3 m . t4 ra , t5 m 

"cl" B4*>6^a«W*^*aO. $WHfcJE»S6B^ 
e*$tlfc{i)!>i, 09© (B) ©&SHtfH>«E>£C(C& 

[0 085] cc*-C©*fKr. fl«*-Ki-r*. « 
lOi^K. HTCiffl^CilCt*), ^^X©tg 

-CSS. 

[0 08 6] Sfc. *^3HSfe0»J-Cli, *WK*5;&5c-C 
fr5J:9K:Lfca«. aa«C»Sc«r«i L (m«2^ 
tc) . ^«tH&$ti>&J:9(<:i,T<>&<r>. ft*, cc 
Lfc* l 71M»3**Wt?«. >o * 

rfjKstiri^ffis©^ -r )\s%*mm?z>c turns . 

[0 08 7] [»4WMK] yctC. fuai©^17iMm3 

[0088] *^4HJS«a|©fe^a^©lifi£«H!r^b 
tzmimMWtmmx-bK). cctu, «a<t»si7^ 
^**8ttH-4«Hiffi(conrttii)i-r«. 013© 



(A) tt. *afb7^JU**3|ltf)SteJ6©««©«fiR* 

©»^H" 80i. «jfitt 7 4 *> * £ tcSXD? 4 

W, ?7Xlf-if^t'J8 4A, i?7^27 ; -*^* 
■;8 4B£, 7 4 Jl/Z/U J — 2 J^'J 8 6 A, 
30 ^ h^dl y*'J 8 6 B, #S*^i» h;Ud2 

it 8 0*ipJfflL/-C. *f*«!0©^^^ h.*«:||0»l>|IIH 
«l/ (««5nm) . C (5 
~1 Oft) ©&M&^*> ^ ^***5ef 4. 

[0 08 9 ] *r. 0 1 3© (A) K^Tcfc^JC. *7 
XgE*0©2 ^5^©*J-^0©S^7fe^^^ H^aot 

r-£ds" (A) iL-tf-$^ ; fc , J8 4A 1 84B 

40 JUR, s=l*J*7*l. s = K m«1f 

[0090] vmoymwi&^^-c ? 4 mmitwmM 
3? i 2*«ifiS-r?>^'> pz-ix-y 4 )\>%v»^ *-~*t<DTm 

M&*W£&*i> (*f-v?S 1 ) . C<DJiU-$\t, 
mi 3© (B) tc^-rJr^CC. 7 ^;l/^©t5t» (k 
tt) . £7 4 **<D'fi4tflS <Ai ) . #7^JU5?©^ 

ftsijs (wi ) . 4 )HKD&mm < ti ) ± 

50 9TC7.f;U#®fMKx3fflrr«4. SfeCCt. i «7 



(11) 



19 



- 1 2 0 3 2 4 

20 



< i = l~k) 

[009 1 ] -?-©&. £ T. * =7 X 1 CD 1 ~*D*ta<&0 
©JSt*^*'** MUdl 1 (A){COl»-C. 'OK-rS 

A+tfl/2 



[0092] 
[»1 4] 



df l 1 ( 1 ) 



/ /-A+Wl/2 \ 
= / d 1 ( A ) d i. J 

V J A.-W1/2 J 



/Wl 



(29) 



£*t&5„ «lC>r. 2fcg. 3ftg. ■». kftg<t*T& 

©^ffrMffcoT. dfl" ^LT. COjftft 

*7*2©;tt^O©K»t#:£X--<* hJUSO'#Rg 
gRCDJKSf^**^ hJKCOl>r4>?f*t->. df? 
( i > <t d fs ( i ) «±©&{1^ #S&4 

[0 0 9 3 ] COJ^tCL-Cff/c^-^dfl" ( i ) & 
CKdf? (i) ({10. i=l~k, m=l~N)£# 
M«R©r-*dfs ( i ) -cmiEL UJ-»«3) . * 



10 S 4 ) . 

[0 0 9 4] -eLT. tOjJfttotcftm^? Yfcfthn 
sher ratio^rftmo. #S#rffl5ffiC fcJfcft-S. #®fffi 
ffiC«. C©Fisher ratioCDffe, -fer>-^<Z)S /Nitsnr 

[0 0 9 5 3 
[S15] 



C = CaXFisber rat io+- C fa x snr-l- C cx 52 df 1(1) 



(30) 



cct, Ca, Cb , cc «. a^^fi*^&-e*s„ 

7 -< )Ht'*?jt-*jt*:V 8 6 A«C##jAty 
Uf,7 - S5) . 

[0 09 6 ] ^(C, 7 -*.rt/£©.K7>-*© 1 

i/ <^^ >ys6) . mvitim»o<Dimftic?-^ v 

8) . fit, C©$rfcfC#ft6*lfc? I --££JB<<>TF 
Sf©ft*tf«cl». r^di . d2 <* 

T--^yS9) . #ffli¥lffififCnew (^f -^S 

10). 

[0 09 7] t©£#. 7<;^A7^-$^t'J8 6 
AtC#£&g:*iTL>&#giflI<BC£gE<&i£.&. Cnew 
iCC0^t3*tt^S (^f^Sll). ^©*S 
*. Cnew #C .*>)*> AS Wtltf. 7 -f 
y*y8 6 A©#§WMlCnew £C {CgfrT 4<h^tC 

^h^di, d2 ®flB«-eti-eti&sc*'«* i-ivdi 

^'J86B, ^X^i? rA<d2 >*'J 8 6CtC## 
jAtf (Xf^'S 1 2 ) „ JK#tfC, Cne* tfCfcfl/hS 

(Xf-^S 1 3) „ 

[0098] ^LT. V -< Jl^CDA^-^-r^-C^ 
MLfca>5*»£«#rb (^f^S 14) , ^HU** 



[0 09 9 ] &*s. ^i¥ffiffi*5§f^cD<ii^MA/c6^ 

a^tfiih-rsi^ccLr^^^,, ^©j^cclt. la 

(e&7 ^;Pif 1 2©^*> K^X? ^l/^^^-^R 
O'^iSx-ii' h;Wdi , d 2 -ecr. C©^ 

ft. ^ffl^a^tf^ciJ&i-e^s. fc/dL. ±iasfsin 

JS^i^*). »SSX^^ h^#ttigB4 8«^Fffl£)i 
[oiooiife, ±Mya-**- McfiH^rtt. x 

ir^S 1 lT'«^*fi(cCnew *iC «k «3 A#C^iC(D* 
X^s^'S 1 2{C3ttj c fc'5^Lri^*s. Cnew #SC «fc 

Simulated Anealingffi£fflt>£ C iK J; 9 , ^dwOU 
£c&Sffi£ JfcSD -5 C i AiT- * -5 . 
40 [0 1 0 1 ] S/c> (n 

r, ^•©fffflfiffic«2^7X©^a©^f»A^iSi^€» 

Fisher ratio, ^ ^ 7 ^O^O^Stft^^SI" H T C 
fit. -^^©S/NJtsnr . *f^©i^Sdf^*^ t 

[0 1 0 2 3 
C»l 6] 



(12) 
21 

C = CaXFisher ratio+CbXHTC 



#^7- 1 20 32 4 
22 



+ CcXsnr+CdX S dfl(i) 
i - 1 



(31) 



fiucc-e. ca, Cb. Cc . Cd a. &mKmfr% 
i > b^^j-zt bxmmtistc. bfru, its?**©* 

ti =C/ (Liave*Wi) 
filCCt, Ctt5£&» Wi itv 4)\,5HD&m%. Lia 

[0105] ifc, y-fts ? ^b>^(S]±5-tf5SiJ 

fctt, &7 -< >\,&<Dm&*M1$LTZ>&.t l CCCD<Dis+ v 
£i&K*^fl:3 ■£/&»). 36^1 0©««)*^t3Hi' 

[0106] Sfc. 12© (C) (C^L,fc<fc5ft[H3gfe 
7 -f 1 2£ffll,>£ia£K:tt. 0 1 6<D£5lClt<Dm 
(IPS. &7.*JUir) ©*£3£, *3fcB{C(6D 

[0107] [jveiiflM] '-xic ttzw<Dm6mmm 

dl " =U1 ( A) +U2 (A) 
d2 ' =V1 (A) +V2 (A) 

©«fc^{C. /<> FX*? -1**111 (A) (fflL. i = 
l~m) . Vj (A) ({SU j = 1 ~n) fCT^U 
%®MmCl. C2 iJMvfTSUi (A), V.i ★ 
Cl = I dl - dl ' I ' 
C2 = I d2 - d2 ' I 1 

Fisher Ratio^S/N£#aT£<fc5fCL-Cfc|iH>. 
[0111] tcDiStCl/T. ^-fflX-N.-? h;Udl . d 

*l. 01 7© (B) CC^-Tct^fc. -< 1 2 

[ 0 1 1 2 ] *fc. ^SS^[5]Sg2 8 H 1 8 ©<t 5 
(CtttJ&Sft*. *r. »Bfi£#«lfcHg|S3 0 tt, #i&©fflt 
lEaM^OfcJ&y*'./ 4 0 A. 4 0 B&O'tfcEHIMK 2 



*©»S*SffiC^iS-C«a3S^*±lf fc&tf *V tJ5 
10 *U>^**;*:S<&*K JMW©S/N*S|Sj±r*. ■€■ 
C-C. 9 ftfB(CK£-rs. 

[0104] 
[»1 7 ] 

"(32) 

« [0108] IPS. #**J|RS£3*tt:t»*tg£K:tt. # 

-e^. c©^ ^ f\r%iPhW$ftt*'tt®L<iyptii^y -< n> 
2%wm~ezz>. a l 7© (A) (c«. £#©-7 
20 ntffl*t?©«tejaa*s%-r. 

[0109] rJl/»mSP4 8». 

1 JSfi6W±|^£fc©-C&9. F SSKSMCfcOaS*'* 

* hjudi, d2 *»m-rs. fe^o, 
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